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(54) Engine control system for controlling in-cylinder fuel injection engine 



(57) In order to provide a system that lower NOx 
emission and an improved fuel consumption are 
obtained by making the igniting control possible in the 
wide operation range by performing the fuel injection 
and the ultra lean burning with the homogeneous air- 
fuel mixture, in the engine (13) having the compression 
igniting mode, in the in-cylinder fuel injection engine 
having the compression igniting mode, means for per- 
forming the first fuel injection for the initial combustion 
speed control before igniting and the second fuel injec- 
tion for the engine torque control after that, are pro- 
vided. The second fuel injection ratio for the engine 
torque control is increased according to the engine 
torque. Furthermore, in order to improve the igniting, the 
igniting trigger means is provided in the in-cylinder fuel 
injection engine (13) having a compression igniting 
mode and the igniting trigger is added by the igniting 
trigger means after the first fuel injection. 



FIG. 1 
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Description 




BACKGROUND OF THE INVENTION 

[0001] Present invention relates to an engine con- 
trol system, especially relates to a compression igniting 
type engine control system. 

[0002] A lean burn engine is widely known to let a 
lean air-fuel mixture burn as an effective means for 
enhancing efficiency of the engine. 
[0003] The pumping loss becomes little by making 
the fuel burn leanly, because more air is inhaled to the 
engine when driving it with an equal torque. 
[0004] In a gasoline engine used widely today, the 
air-fuel mixture is ignited with the sparkplug, and the 
flame propagation can be attained. 
[0005] However, the lean air-fuel mixture of the air 
fuel ratio such as 40 around is difficult to be ignited, and 
the burning becomes unstable. 
Therefore the fuel is directly injected in a cylinder of the 
engine, and the air-fuel mixture is gathered near by the 
spark plug, thereby the good burning of the air-fuel mix- 
ture can be secured and it is used for the engine for the 
automobile. 

[0006] The fuel consumption in such an in-cylinder 
fuel injection engine is enhanced, however as the fuel is 
injected in the cylinder, temperature of the inhaled air 
falls by vaporization of the fuel, air density becomes 
high, and there arise a merit too that can improve by 
charging efficiency. However, as the air-fuel mixture 
concentrates near around the spark plug, combustion 
temperature becomes high, and there arises a subject 
as that NOx is easy to increase. 
[0007] In the lean burning of the homogeneous air- 
fuel mixture, as the rise of the combustion temperature 
can be restrained, NOx can be made low. However, as 
the igniting and the flame propagation are unstable, the 
air fuel ratio in the the driving is limited under 23 around, 
and the fuel consumption enhancement are limited to 
15 %, too. 

[0008] In Japanese Patent Laid-open No. 9- 
287527, a homogeneous air-fuel mixture is formed in 
the cylinder by intake port fuel injection, the lean mixture 
can be burn by a compression igniting. The fuel mixture 
is burned by not the spark ignition but the compression 
igniting, the igniting from many igniting sources 
becomes possible, the flame propagation distance is 
short, too, and insurance of ignitability, and rapid burn- 
ing are realized. Because being a uniform air-fuel mix- 
ture, a large reduction of NOx is possible. 
[0009] However when the torque increases (when 
quantities of the fuel is much), the burning pressure 
becomes high rapidly, knocking is generated, and there 
is a subject as that operation range is narrow. That is, a 
compulsion igniting means as spark ignition is not pro- 
vided, the control of the igniting becomes difficult. 
[0010] Making burning advanced by external EGR 
and controlling ignitability by controlling the intake tem- 



perature, are disclosed^^fcpponsibility of the external 
EGR and the intake^^Pperature control are so 
retarded, and a following characteristics is a problem, 
when the engine torque as in the automobile changes. 

5 

SUMMARY OF THE INVENTION 

[001 1 ] The first object of present invention, is to pro- 
vide a system in which NOx is low and a fuel consump- 
10 tion can be improved in an engine having compression 
igniting mode, by making it possible to ignite the fuel in 
a large operation range by providing a fuel injection and 
by ultra-leanly burning the homogeneous air-fuel mix- 
ture. 

15 [0012] The second object of the present invention is 
to improve an igniting controllability by an igniting trigger 
means. 

[001 3] In order to achieve the first object mentioned 
above, in the in-cylinder fuel injection engine driven with 

20 a compression igniting mode, a first fuel injection for 
controlling a initial combustion speed before igniting and 
a second injection for controlling an engine torque after 
that, are provided, ignitability can be balanced with a 
torque contrillability by increasing the second fuel injec- 

25 tion ratio for the engine torque control according to the 
engine torque. 

[001 4] The second object of the present invention is 
to improve the igniting controllability by providing an 
igniting trigger means in an in-cylinder fuel injection 

30 engine having a compression igniting mode. 

[0015] Any one of a microtron, a laser, an spark 
plug, EGR, compression ratio control means and a 
combination thereof is provided as the igniting trigger 
means, thereby the temperature of the air-fuel mixture is 

35 rised higher. 

[0016] Moreover, a rich spot is formed in the homo- 
geneous air-fuel mixture, and the air-fuel mixture that is 
easy to be ignited is formed. 

40 BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] 

Figure 1 shows an engine control system in the 
45 present invention. 

Figure 2 shows a conventional in-cylinder fuel injec- 
tion engine. 

Figure 3 shows NOx emission characteristic of the 
conventional in-cylinder fuel injection engine. 
so Figure 4 shows an explanatory drawing for the 
operation of the conventional in-cylinder fuel injec- 
tion engine. 

Figure 5 shows a relationship of NOx, HC and the 
fuel consumption rate with the air fuel ratio. 
55 Figure 6 shows an explanatory drawing of the oper- 
ation in the present invention. 
Figure 7 shows an explanatory drawing of the oper- 
ation of the engine control system in the present 
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invention. 

Figure 8 shows a controWfiethod for the fuel injec- 
tion timing and the fuel injection ratio in the present 
invention. 

Figure 9 shows a mode of the operation map in the 5 
present invention. 

Figure 10 shows a block diagram in the present 
invention. 

Figure 1 1 shows a flow chart in the present inven- 
tion, w 
Figure 12 shows a flow chart in the present inven- 
tion. 

Figure 1 3 shows a Flow chart in the present inven- 
tion. 

Figure 14 shows another embodiment of the 15 
present invention. 

Figure 15 shows an operation mode map of the 
another embodiment shown in figure 14. 
Figure 16 shows another embodiment of the 
present invention. 20 
Figure 17 shows another example applied the 
present invention to a hybrid automobile. 
Figure 18 shows a control method of the fuel injec- 
tion time in the present invention. 
Figure 19 shows a control method of the fuel injec- 25 
tion time in the present invention. 
Figure 20 shows a control method of the igniting 
trigger in the present invention. 



plied from an injector 1^^^n directly inject the fuel in 
the cylinder. The injecto^^lriven by an activation cir- 
cuitry 32. The activation circuitry may be built in a con- 
trol device 12. A throttle valve is operated to open and 
close by a motor 9, and the opening thereof is detected 
by a throttle sensor 8. Accelerator opening a is detected 
by an accelerator opening sensor (it is not shown by a 
drawing), and the intake valve and the exhaust valve are 
controlled based on at least the accelerator opening 
sensor signal. A circuitry for controlling the throttle valve 
may be built in the control device 12. Based on signal 
from the above sensor, the control device 12 controls 
the throttle valve, the intake valve and the exhaust valve. 
[0022] Revolution fluctuation of the engine is 
detected by a revolution sensor 34 and a revolution sen- 
sor pick up 33 arranged to a crank shaft of the engine. A 
EGR valve 80 is arranged so as to control the EGR. A 
catalyst 35 is arranged to an exhaust pipe. The catalyst 
has a function as a three way catalytic converter and a 
NOx purification function. 

[0023] A reaction type catalyst is desirable as a 
NOx catalyst, because the lower NOx emission is 
attained by compression ignition, deterioration by sulfur 
contained in the fuel is heavy, rich spikes is not neces- 
sary. However, in a case that sulfur density in the fuel is 
low, an adsorption type or an absorbtion type catalyst 
that conversion efficiency of NOx is high may be used. 
[0024] Construction of a conventional spark ignition 
type in-cylinder fuel injection engine is shown in figure 
2. The fuel which is directly injected in a cylinder from an 
injector 1 is guided in a cavity (impression) arranged on 
a piston so as to concentrate around an spark plug 51. 
According to such a construction, even in an air-fuel 
mixture being low density, because the air-fuel mixture 
can be gathered around the spark plug, and ignition 
thereof and flame propagation do not become unstable. 
However, as the air-fuel mixture of a burning part 
becomes a density nearby a stoichiometric air fuel ratio 
by the concentration of the air-fuel mixture, combustion 
temperature becomes high, and a emission amount of 
NOx is apt to increase. 

[0025] NOx emission characteristic of the in-cylin- 
der fuel injection engine is shown by figure 3. The air 
fuel ratio is shown in a horizontal scale, and NOx emis- 
sion amount is shown in a vertical scale. When the EGR 
is not added, the air fuel ratio is 25 around, and emis- 
sion of NOx increases. This is caused by concentrating 
the air-fuel mixture. 

[0026] In a uniform air-fuel mixture, a peak of NOx 
appears at the air fuel ratio 16-17 around, and the air 
fuel ratio becomes 25 as a whole by concentrating the 
air-fuel mixture in the in-cylinder fuel injection, because 
the air-fuel mixture becomes rich in a perimeter of the 
spark plug further. The combustion temperature falls by 
adding the EGR and NOx can be made smaller. By a 
combination with the catalyst, the exausted NOx can be 
reduced even in a catalyst exit, however, the NOx 
exausted from the engine needs to be reduced in order 



DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 
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[0018] An embodiment of the present invention will 
be explained by using drawings. Construction of the 
present invention is shown in figure 1. 35 
[0019] Air is inhaled into an engine 13 through an 
air amount detection sensor 7, a throttle valve 10, a 
intake pipe 1 1 , and a intake valve 16. An air amount can 
be controlled by changing opening of the throttle valve 
1 0 and opening of the intake valve 1 6. An air amount is 40 
measured by an air amount detection sensor 7. 
[0020] According to any necessity, pressures in the 
intake pipe and the cylinder are respectively detected, 
by using a pressure sensor 31 provided in the intake 
pipe, and a pressure sensor 42 provided in an in-cylin- 45 
der. Relating to the intake valve, for example, a movable 
element 22 moves with an action of the electromagnetic 
force by applying a voltage from an activation circuitry 
30 to electromagnetic solenoid coils 18, 19, and the 
intake valve 16 that led to the movable element 22 so 
opens and closes. 

[0021] Similar action is performed relating to the 
exhaust valve 17. As for the intake valve and the 
exhaust valve, a cam system driven by an engine and a 
system to be driven by oil pressure may be used. In 55 
order to control the internal EGR, the compression ratio 
of the engine however, it is preferable to change overlap 
of the intake valve and the exhaust valve. Fuel is sup- 
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to reduce NOx further. 

[0027] A compression ^IBg system is shown in 
figure 4 in comparison with a conventional in-cylinder 
fuel injection system. When lean burning is performed in 
the in-cylinder fuel injection, the fuel is injected with a 
compression stroke, and the air-fuel mixture is concen- 
trated to the spark plug perimeter. The concentrated air- 
fuel mixture is ignited with the spark plug so as to be 
burned. As mentioned above, the combustion tempera- 
ture becomes high by the concentration of the air-fuel 
mixture and NOx is easy to become high. In the com- 
pression igniting on the other hand, the fuel is injected in 
a intake stroke, and a uniform air-fuel mixture is formed 
in a cylinder. The uniform air-fuel mixture is activated 
with a compression heat in the compression stroke, a 
state which is easy to be ignited appears, and a radical- 
flame (CO, CH, radical) occurs. Simultaneous ignition of 
whole cylinder mixture (hot flame) occurs after that. 
Because being a ultra lean burning with the uniform air- 
fuel mixture, the combustion temperature is low, and 
lower NOx emission turning can ue reaiiZGu. 
[0028] However as the range of the air fuel ratio, 
that is, a range of torque that can be driven in stable is 
very narrow. When the air fuel ratio is large, the radical- 
flame from a premixed air-fuel mixture is not enough 
and is apt to provide an igniting failure, and HC 
increases as shown in figure 5. On the other hand, there 
are many radical-flames from the premixed air-fuel mix- 
ture in a region where the air fuel ratio is small, and as 
the internal pressure of the cylinder suddenly goes up, 
knocking is easy to be generated. On this account, the 
emission amount of the NOx is low, but the fuel con- 
sumption rate is low and the region is narrow. Up to now, 
the igniting failure in a lean air fuel ratio side is pre- 
vented by raising a intake temperature and the knocking 
of a rich side is avoided by making the burning slow by 
an external EGR. The responsibility of the external EGR 
and the intake temperature control is so retarded, and it 
becomes difficult to follow it when the engine torque 
changes as in an automobile. 

[0029] An operation of present invention is shown in 
figure 6. The first fuel injection is performed by a intake 
stroke. Thereby a uniform air-fuel mixture in a cylinder is 
formed. This air-fuel mixture is used for a initial combus- 
tion speed control. That is, with a compression stroke, 
the fuel is activated by a compression heat, a radical 
occurs, and it has a role to control this initial burning. 
After the radical occurs in the next, the second fuel 
injection for a torque control is performed. Thereby, the 
fuel necessary for the engine torque control can be sup- 
plied. When the fuel is supplied during the radical is 
generating, a low temperature burning that does not 
generate soot can be realized. There arises an effect 
too as that lower NOx emission and no soot burning are 
attained. 

[0030] In the control system as before, as only the 
premixed air-fuel mixture is formed, when the quantities 
of the fuel increase namely the air fuel ratio becomes 



small, the radical gene|^Mn the compression stroke 
increases too much, anoj^xirning is suddenly gener- 
ated, and there arises a subject to occurr the knocking. 
On this account, the compression ratio of the engine 

5 needs to be made low, and the efficiency of the engine 
is not good. Further, as the burning pressure becomes 
high, NOx is easy to become high, too. 
[0031] In the present invention, because the first 
fuel injection-amount to restrain an initial burning may 

w be changed, the sudden burning can be avoided by 
increasing the fuel for the torque control when the fuel 
injection amount increases with the torque increasing. 
When the fuel injection amount is little (when the air fuel 
ratio is big), the ignitability can be secured because the 

15 compression ratio can be set up highly by avoiding the 
knocking as above. Furthermore, the ignitability can be 
secured by an igniting trigger means as mentioned later. 
[0032] Operation in the present invention is shown 
by figure 7 and figure 8. The uniform air-fuel mixture is 

20 formed, the fuel is activated with the compression 

#*4-r-*>Us% **wtA +Kq f« iqI fr\r +K« +r\mt io» r»*-»r»+rol ic iniootoH affor 
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generating the radical-flame (CO, CH, radical). By 
injecting in the second during radical generating, the all 
cylinder mixture for the torque control is ignited (hot 

25 flame) simultaneously too, and the lower temperature 
burning (lower NOx emission) and no soot burning can 
be realized. By such an operation as above, both of a 
torque controllability and an igniting controllability can 
be attained for in a large operation range. 

30 [0033] A control method of the fuel injection time 
and a ratio of fuel injection amount at compression 
stroke to fuel injection amount at intake stroke (ratio of 
the second fuel injection to the first fuel injection) will be 
shown in figure 8. The torque of the engine is shown by 

35 the horizontal scale, and the torque of then engine is 
bigger in the right side and more amount of the fuel is 
supplied. When the engine torque is small, the com- 
pression igniting operation with the lean air-fuel mixture 
is performed. At first, in the first fuel injection timing of 

40 the intake stroke, the fuel is injected, thereby a uniform 
air-fuel mixture is formed. According to the engine 
torque being increased, the fuel injection ratio of com- 
pression stroke to intake stroke (the second to the first 
fuel injection ratio) is controlled to be bigger, that is, the 

45 fuel for torque control is increased. Thereby, rise of the 
pressure by the rapid burning from the premixed air-fuel 
mixture is prevented, and the knocking is prevented too. 
When the engine torque increases further, the first fuel 
injection timing is controlled to approch a top dead 

so center so as to be retarded. By the compress heat of the 
premixed air-fuel mixture which injected and by shorten- 
ing the activation clock time, generation of the radical- 
flame is restrained. When the engine torque increased 
further, the compression fuel injection ratio is controlled 

55 to be zero, and only the fuel injection in the intake stroke 
operates. Moreover, a compression igniting mode is 
changed to a spark ignition mode. At this time, the spark 
plug needs to be kept within the engine. The voltage to 
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the spark plug is applied ir^^Rpark ignition mode. In 
the spark ignition mode, tm&\s a possibility for the 
knocking to generate, and the compression ratio is con- 
trolled to be small such as 10-12 around. 
[0034] In an operation range that the engine revolu- s 
tion speed is low and the engine torque is small as 
shown in figure 9, the lean burning operation is per- 
formed by the compression igniting, in order to enhance 
the fuel consumption. According to the torque of the 
engine becoming bigger, the stoichiometric air fuel ratio w 
is added the EGR further. According to the output 
becoming big further, it is set up in the stoichiometric air 
fuel ratio. The combustion temperature is contolled to 
fall by the EGR, the fuel consumption and NOx emission 
are reduced consequently. It is shifted to the spark igni- 15 
tion mode in the stoichiometric air fuel ratio operation 
range. Moreover, in this embodiment, by dividing into an 
fuel injection for a initial combustion speed control and 
an fuel injection for the torque control, the knocking can 
be restrained, and it can be operated with a whole 20 
region compression igniting mode. 
[0035] A basic construction of the present invention 
is shown in figure 10. An internal EGR control and a 
compression ratio control are performed for the igniting 
control. These are performed by controlling a cam 25 
phase of the intake and the exhaust valves. An overlap 
of the intake and the exhaust valve are controlled to be 
bigger in order to increase the internal EGR. In order to 
make the compression ratio low, the intake valve is 
closed in advance or in retarded. Moreover, by control- 30 
ling the fuel injection, the fuel injection number of times, 
the fuel injection-amount, and the fuel injection timing 
are controlled. An igniting trigger control means is pro- 
vided for enhancing the igniting controllability further. 
Energy and the time of the igniting trigger are control- 35 
led. Knocking of an engine is detected by a knock sen- 
sor or an in-cylinder pressure sensor, and the torque 
fluctuation is detected by a revolution fluctuation sensor 
or the an in-cylinder pressure sensor. The generating 
time of the radical may be detected by an in-cylinder 40 
pressure sensor, and an in-cylinder pressure waveform 
may be detected an ionic current sensor and a radical 
sensor which detects a ignite of the burning directly (for 
example, a combination of a quartz glass fiber, a photo- 
electric converter, and a filter). 45 
[0036] An example of a flow chart of an air amount 
and EGR control is shown by figure 1 1 . An target engine 
torque is calculated based on an accelerator opening, a 
vehicle speed, and a gearing shift position. Further- 
more, an engine revolution speed is detected, maps of so 
target air fuel ratio and target EGR are searched based 
on the target engine torque and the engine revolution 
speed. Target air amount is obtained as above, and a 
valve lift and an opening and closing times of the valve 
are calculated. By aiming the above valve lift and the 55 
opening and closing times, the variable valve mecha- 
nism 1 3 is controlled, and an air amount to the respec- 
tive cylinders of the engine 13 is controlled. The valve 



position is detected by position sensor 76, and a 

feedback control is perfc^rred so as to open and shut 
the valve with an target valve position and an target tim- 
ing. An air amount which is inhaled into the engine, is 
detected in every each cylinders by the air flow meter 7, 
and it is compared whether the target air amount is 
attained and it is controlled to be fed back. A amount of 
fuel becoming the target air fuel ratio is calculated 
based on this air amount, and the fuel injection pulse 
duration and the fuel injection time are calculated. 
[0037] Furthermore amount of target EGR is calcu- 
lated relating to quantities of an internal EGR and an 
external EGR thereof. Based on a reverse flow detec- 
tion air flow sensor or the in-cylinder pressure sensor 
signal, the amount of the internal EGR is detected, and 
it is compared with a amount of the target EGR, and if it 
is deviated from the target value, the intake valve open- 
ing and closing time is controlled. Relating to a shortage 
minute of the internal EGR, it is controlled with the 
external EGR valve further. The output torque of the 
engine is detected with a crank angle sensor or the in- 
cylinder pressure sensor further, it is compared whether 
it is the target engine torque and it is fed back. When the 
in-cylinder pressure sensor is used, because an air 
amount in the cylinder can be detected from the in-cyl- 
inder pressure after the intake valve is closed, the air 
flow meter can be expelled. A control method to control 
the air amount by a variable valve is shown as above, 
however, the throttle valve is controlled to keep the tar- 
get air amount when the variable valve controls only the 
cam phase. 

[0038] In a flow chart shown in figure 1 1 , the control 
of the air amount performed by controlling the variable 
valve lift and the opening and closing times may be 
replaced with a control by a throttle valve. 
[0039] In figure 12, an example of a flow chart of the 
fuel injection and the igniting control is shown. Based on 
the target engine torque and the engine revolution 
speed, the fuel injection amount is calculated. Thereby, 
the intake to compression fuel injection ratio (the first to 
the second fuel injection ratio) is determined and the 
intake fuel injection and the compression fuel injection 
are performed. When the torque fluctuation becomes 
more than the allowable value, the intake fuel injection 
ratio is increased and the radical is promoted to be gen- 
erated. When the knocking occurs, the intake fuel injec- 
tion ratio is controlled to be decreased, and the internal 
EGR is controlled to become the target EGR further. 
The control for a variation of the engine torque is per- 
formed using the internal EGR by the variable valve 
thereof. Relating to a part which is not enough to be 
controlled by the internal EGR, the external EGR is 
used. The compression ratio control is performed fur- 
ther so as to be equal to the target compression ratio. 
By using the igniting control means moreover.the ignit- 
ing trigger control is performed. When being retarded 
than the target igniting time, the intake fuel injection 
ratio is controlled to be bigger and the compression ratio 
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is increased, the igniting tr^^B>ulse is advanced, and 
the EGR is controlled to dSMfee, thereby the igniting 
is promoted to be advanced. When being advanced 
than the target igniting time, the reverse control to the 
above is performed. 5 
[0040] An example of the flow chart of the starting 
control is shown by figure 13. The coolant temperature 
is read-in, and if the coolant temperature is lower than 
the predetermined value, the spark ignition is performed 
as the fuel injection in the intake stroke. When being 
higher than the predetermined value, a compression 
igniting mode is performed by the intake and compres- 
sion fuel injections and the igniting trigger. This is 
because, in a condition that an engine is cold, the tem- 
peratures of the fuel and intake air are very low, and the 
compression igniting of the fuel is difficult to be done. In 
this case, the compression igniting mode should not be 
performed, and the spark ignition mode is performed. 
When the revolution speed of the engine is low as in a 
crancking, the compression pressure does not become 
so high as being seif-igniied, therefore the compression 
igniting mode is prohibited and the spark ignition mode 
is performed. 

[0041] An other embodiment of the present inven- 
tion is shown by figure 14 further. The uniform air-fuel 
mixture is not formed in the whole cylinder, but the cyl- 
inder is formed with the premixed air-fuel mixture that 
can be compression-ignited, for example, the air fuel 
ratio is 40 and the rich spot is provided at the igniting 
trigger perimeter. 

[0042] Therefore, in a condition that the engine 
torque is small and the fuel injection amount is little and 
the premixed air-fuel mixture which can be compres- 
sion-ignited, is capable to be formed, there is a merit 
that is easy to be ignited because the rich spot is 
arranged at the igniting trigger circumference further. 
When air-fuel mixture is formed in the whole cylinder, 
and if the air fuel ratio becomes more than 80, the ignit- 
ability from the premixed air-fuel mixture falls. When the 
compression ratio is raised further so as to raise the 
compression heat, the igniting becomes possible too, 
however if the compression ratio is raised too much 
highly, the friction loss of the engine becomes bigger 
and the engine efficiency falls. According to this embod- 
iment, by controlling size of a lump of uniform air-fuel 
mixture, the amount of the fuel can be controlled without 
making the uniform air-fuel mixture thin. This operation 
forms a uniform air-fuel mixture by the first fuel injection. 
In this case, because the air-fuel mixture does not dis- 
perse in the whole cylinder, the fuel injection timing is 
brought to be close to the compression stroke. In the 
second fuel injection furthermore, the rich spot is 
formed to the igniting trigger perimeter, and the third 
fuel injection is performed after the radical generating 
and the torque control is performed. 
[0043] In an operation region that the engine revolu- 
tion speed is low and the engine torque is small as 
shown in figure 15, the lean burning operation is per- 
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formed by compressioi^^mg. 

In the region where the^^he torque of the compres- 
sion igniting is small, the ignitability is secured by strati- 
fied mixture being different concentration. According to 
the torque of the engine becoming bigger, the EGR is 
added to the stoichiometric air fuel ratio. According to 
the output of the engine becoming bigger, it is set up in 
the stoichiometric air fuel ratio. The combustion temper- 
ature is controired to fall by the EGR, and simultane- 
ously the fuel consumption is improved and the NOx 
emission is reduced. It is operated with the spark igni- 
tion mode in the stoichiometric operation region. 
[0044] An other embodiment of the present inven- 
tion is shown by figure 1 6 further. An injector is arranged 
to center of the cylinder and the spark plug is arranged 
in a side of the cylinder. When the injector is arranged in 
the center of the cylinder, it becomes possible to uni- 
formly disperse the fuel in the cylinder comparing the 
case to arranged it in the side, and there is a merit to be 
easy to form the uniform air-fuel mixture. When the 
spark plug is arranged in a corner of the cylinder, the 
flame propagation distance does not become equal, 
and the combustion efficiency easily falls. However in 
this embodiment, the burning mode is used by the spark 
plug only in a driving region where the compression 
igniting mode is difficult to be used such as the starting 
or in the cold temperature, and the efficiency aggrava- 
tion caused by the side igniting is not a problem. 
[0045] An example in which a hybrid automobile is 
used in the present invention, is explained in figure 17. 
Power of the engine 100 is communicated to the drive 
shaft 88 through motor generators (A, B), and a speed 
change gear 300. The motor generators (A, B) are con- 
nected with an inverter 203 and a battery 202 electri- 
cally. Energy in the deceleration is collected by the 
motor generator (B), and it is saved in the battery. In 
accelerating, an accelerating assist is performed by the 
motor generator (B). As the engine connected with the 
drive shaft can be separated by a clutch 101, an idle 
stop control and a power generation control by the 
motor generator (A) may be performed. 
In such a combination as above, as the torque control 
can be assisted with the motor if the operation range of 
the engine is made narrow, there is a merit as that it is 
easy to drive the engine with a range having a good effi- 
ciency of the compression igniting engine. 
[0046] An example of a control method with the 
burning pattern is shown by figure 18 and figure 19. The 
fuel consumption is improved when a peak 9t of the in- 
cylinder pressure becomes to be in a predetermined 
position. This is because that, when being too 
advanced, the piston rises and the in-cylinder pressure 
becomes high and a negative job for an operation of the 
piston is done. When being too retarded, the piston falls 
too much, and an effective job is not done or the energy 
runs away into the exhaust gas by after burning. In order 
to control the peak 8t of the in-cylinder pressure to be in 
the best position, the radical generating position 6r is 
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controlled. The radical gAig position 9r can be 
controlled by the first fuel inPro>n timing 01. The ignit- 
ing trigger time is controlled to be in a position where 
the fuel consumption becomes the best. 
[0047] An example of a control method of the ignit- 
ing trigger is shown by figure 20. It shows a case that 
the spark plug is used as the igniting trigger. An upper 
part of figure 20 shows a discharge voltage wave-form 
in the spark ignition mode, and a lower figure shows a 
discharge voltage waveform in the compression ignition 
mode. 

In the spark ignition mode, the air-fuel mixture is ignited 
with the spark ignition as in a conventional spark ignition 
engine, a discharge waveform having a capacity com- 
ponent and an induction component is obtained. In the 
compression igniting mode, the temperature of the air- 
fuel mixture is raised in order to keep a condition as that 
it is easy to be ignited and the radical is easy to occur. 
The induction component is reduced and multiplex 
pulse by the capacity component is supplied. 
Thereby, many places where the radical is easy to occur 
are formed, and the multiple igniting is easy to be done. 
As the igniting trigger, it is effective to provide that a 
wave having a frequency sympathizing with a main 
ingredient of gasoline is added with a microtron, and the 
air-fuel mixture of the gasoline is heated directly. In this 
case, it is different from the air-fuel mixture temperature 
rise method by a laser, and it has a merit that there is 
not any affection to be polluted optically. Moreover, the 
igniting trigger can be formed in many point in the cylin- 
der. In a method by a laser, the igniting trigger is possi- 
ble to be done in many point by making the laser a seat 
condition. Moreover, a microwave plasman igniting may 
be utilized as shown in Japanese Patent Laid-open No. 
57-119164. 

[0048] According to the present invention, in an in- 
cylinder fuel injection engine having a compression 
igniting mode, means for performing the first fuel injec- 
tion for the initial combustion speed control before ignit- 
ing and the second fuel injection for the engine torque 
control after that, are provided, thereby the igniting con- 
trol in the large operation range becomes possible and 
the ultra lean burning operation becomes possible by 
providing the homogeneous air-fuel mixture. 
[0049] Moreover, in an in-cylinder fuel injection 
engine having a compression igniting mode, as the 
igniting trigger means is provided, the igniting controlla- 
bility improved still more. 



Claims 



An engine control system for controlling an in-cylin- 
der fuel injection engine driven with a compression 
ignition mode, comprising 

a fuel injector (1) for performing a first fuel 
injection in order to control an initial combus- 
tion speed in a stroke of said engine (13) and 



for performing ^^R>nd fuel injection after that 
in order to contr^in engine torque before an 
igniting timing in said stroke of said engine 
(13). 

5 

2. An engine control system for controlling an in-cylin- 
der fuel injection engine as defined in claim 1, 
wherein 

10 a ratio of said second fuel injection is controlled 

to be increased according to said engine 
torque. 

3. An engine control system for controlling an in-cylin- 
15 der fuel injection engine as defined in claim 1, 

wherein 

said second fuel injection is performed while a 
radical-flame occurs after said first fuel injec- 
20 fton. 

4. An engine control system for controlling an in-cylin- 
der fuel injection engine as defined in claim 3, 
wherein 

25 

occurring of said radical-flame is detected by at 
least one of an in-cylinder pressure sensor, an 
ion current sensor and a radical-flame sensor. 

30 5. An engine control system for controlling an in-cylin- 
der fuel injection engine having compression igni- 
tion mode, 
wherein 

* 

an igniting trigger is added by controlling said 
igniting trigger after a first fuel injection for con- 
trolling an initial combustion speed, and 
a second fuel injection for torque control is per- 
formed after that. 

An engine control system for controlling an in-cylin- 
der fuel injection engine as defined in claim 5, com- 
prising 

means for providing said igniting trigger for 
forming a rich spot in a homogeneous air-fuel 
mixture. 

7. An engine control system for controlling an in-cylin- 
50 der fuel injection engine as defined in claim 5, com- 
prising 

means for providing said igniting trigger to let 
temperature of an air-fuel mixture rise, by using 
55 any one of a microtron, a laser, an spark plug, 

an EGR and compression ratio control means. 

8. An engine control system for controlling an in-cylin- 
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der fuel injection en< 
wherein 




defined in claim 7, 



frequency of said microtron is selected based 
on a resonance frequency of a main compo- 
nent of gasoline. 

9. An engine control system for controlling an in-cylin- 
der fuel injection engine as defined in claim 6, 
wherein 

timings of intake and exhaust valves (16, 17) of 
said engine (13) are adjusted so as to increase 
internal EGR according to load of said engine 
(13). 

10. An engine control system for controlling an in-cylin- 
der fuel injection engine as defined in claim 7, 
wherein 

when said load of said engine (13) becomes bigger, 
air fuei ratio, stoichiometric air fuei raiio and homo- 
geneous air-fuel mixture are formed and said 
engine is switched into spark ignition burning by 
said spark plug. (51). 

1 1 . An engine control system for controlling an in-cylin- 
der fuel injection engine as defined in claim 6, 
wherein 

premixed air-fuel mixture is excited by dis- 
charging several times using capacity compo- 
nent of said spark plug (51) in a compression 
igniting mode, and 

said discbarge including an induction dis- 
charge component is performed as an igniting 
trigger in the spark ignition mode. 

12. An engine control system for controlling an in-cylin- 
der fuel injection engine as defined in claim 5, 
wherein 

time to generate a hot flame is controlled so as 
to provide a minimum fuel consumption by con- 
trolling timing to generate said radical-flame by 
a fuel injection timing. 

13. An engine control system for controlling an in-cylin- 
der fuel injection engine having compression igni- 
tion mode, comprising 

an igniting trigger supplying means for control- 
ling said igniting trigger so as to supply said 
igniting trigger after perfbming a first fuel injec- 
tion for controlling initial combustion speed. 

14. An engine control system for controlling an in-cylin- 
der fuel injection engine as defined in claim 13, 
wherein 



said igniting t^^^supplying means forms a 
rich spot in hon^PRieous air-fuel. 

15. An engine control system for controlling an in-cylin- 
5 der fuei injection engine as defined in claim 13, 

wherein 

said igniting trigger supplying means makes 
temperature of an air-fuel mixture rise, by using 
w any one of a microtron, a laser, an spark plug, 

an EGR and a compression ratio control 
means. 

16. An engine control system for controlling an in-cylin- 
15 der fuel injection engine as defined in claim 14, 

wherein 

frequency of said microtron is selected so as to 
correspond to a resonance frequency of a main 
20 component of gasoline. 

17. An engine control system for controlling an in-cylin- 
der fuel injection engine as defined in claim 14, 
wherein 

25 timing of intake and exhaust valves (16, 17) of said 
engine (13) are adjusted so as to increase internal 
EGR according to to a load of said engine (13). 

18. An engine control system for controlling an in-cylin- 
30 der fuel injection engine as defined in claim 15, 

wherein 

timings of intake and exhaust valves (16, 17) of said 
engine (13) are adjusted so as to increase internal 
EGR according to a load of said 
35 engine (13). 

19. An engine control system for controlling an in-cylin- 
der fuel injection engine as defined in claim 15, 
wherein 

40 when said load of said engine ( 1 3) becomes bigger, 
only the air fuel ratio, stoichiometric air fuel ratio 
and homogeneous air-fuel mixture are formed and 
said engine (13) is switched into spark ignition 
burning by said spark plug (51). 

45 

20. An engine control system for controlling an in-cylin- 
der fuel injection engine as defined in claim 14, 
wherein 

so premixed air-fuel mixture is excited by perform- 

ing several time discharge by capacity compo- 
nent of said spark plug (51) in a compression 
igniting mode, and fuel discharging including 
an induction discharge component is per- 

55 formed as said igniting trigger in the spark igni- 

tion mode. 



8 



EP 1 063 427 A2 




9 



EP 1 063 427 A2 




EP 1 063 427 A2 




EP 1 063 427 A2 




FIG. 7 



©UNIFORM AIR-FUEL 
MIXTURE FORMATION 



—I CO 

>- oo 

OUJ 
2= 




COMPRESSION 



FUEL ACTIVATION 
(CO, CH, RADICAL) 



©INJECTION FOR TORQUE 
CONTROL 



CRANK ANGLE 



@ TOTAL SIMULTANEOUS 
IGNITION 



<D LOW NO, FUEL 



12 



EP 1 063 427 A2 




o 

I — 

o 



-JCO 
>- CO 

oai 



THE FIRST 
INJECTION 



EP 1 063 427 A2 



FIG. 8A 



THE SECOND 
INJECTION 




OCCUR I NG OF 
HEAT FLAME 



TDC 



FIG. 8B 



C3 

— I — 
LUS 

U-»— 

I— zr 
coo 

0£ 

LU 
LU— > 



CO 
CO 



HASTENED 



t 



COMPRESSION FIRING 



SPARK IGNITION 




FUEL INCREASE 
FOR TORQUE 



ENGINE TORQUE 



14 



LU 
Of 

o 



CD 



EP 1 063 427 A2 



FIG. 9 



THROTTLE VALVE 
FULL OPEN 



HOMOGENEOUS 
STOICHIOMETRY 
(SPARK IGNITION) EQR 



HOMOGENEOUS 
STOICHIOMETRY 
(SPARK IGNITION) 



COMPRESSION IGNITION 




ENGINE REVOLUTIONAL SPEED 



FIG. 13 



( ENGINE START ) 



READ- IN OF COOLING WATER TEMPERATUR 



COOLING WATER^^NO 
TEMPERATURE 
<£TW1?, 

[yes 



INTAKE STROKE INJECTION 
■ 



SPARK IGNITION 



INTAKE COMPRESSION INJECTION 
i 



FIRING TRIGGER CONTROL 



c 



I 

RETURN 



15 



EP 1 063 427 A2 



CD CO 

oz 

Z LU 



= CD Cfci 
—J — O 



Q£ Li- h* CO 



or 



id CO CD 

<coco 



I 



cd 



CD 



CD 



r 



o 

CD 



LU 



LU 



c-o ijli 

!—-<-< 
ZXIH 



o 


€. 






CD 




ooc—t 






— luo 


cd 






U 


J 




— CDh- 












CD CD 








— I— CD 



z z 

O CD 


o 


1— 1— 

CD CD 
■it iii 


ECTI 


FUEL INJt 
TIMES, 
FUEL INJE 


FUEL INJE 
TIMING 



CO 

CO —I 
LU O 
OC CD 0£ 
Qu — h- 
S h- 25 

o<o 



CD OC _ 

— LU >- CD 
h- CD CD Z 

— CD OC — 
Z — UJS 
CD OC Z — 



H- CD 
CD Q£ 



LU ' 



: o 

. — CD 



OC —I 
CD LU CD 
ZCDO£ 

— CD I— 
0£ — Z 

— Oi CD 
u-HO 



16 



EP 1 063 427 A2 



FIG. 11 

(air amount and egr amount control) 



READ- IN ACCERELATOR OPENING. VEHICLE 
SPEED, TRANSMISSION GEAR POSITION 



CALCULATION OF TARGET ENGINE TORQUE 



READ- IN OF ENGINE REVOLUTIONAL SPEED 



TARGET AIR FUEL RATIO MAP SEARCH 



TARGET EGR QUANTITY MAP SEARCH 



CALCULATION OF TARGET AIR QUANTITY 
l< ===== 



VARIABLE VALVE LIFT. OPENING. 
CALCULATION OF THE TIME 



VARIABLE VALVE ACTIVATION 



CORRECTION OF 
LIFT AND 
OPENING AND 
CLOSING 
TIMING 




CALCULATION OF TARGET FUEL QUANTITY 



A CALCULATION OF INJECTION PULSE 
DURATION AND FUEL INJECTION TIMING 



CORREC 



ION OF 



LIFT AND 
OPENING AND 
CLOSING 
TIMING 



A CALCULATION OF TARGET EGR QUANTITY 
(INTERNAL. EXTERNAL) 




17 



EP 1 063 427 A2 



FIG. 12 



(fuel injection, ignition control) 



CALCULATION OF TARGET ENGINE TORQUE 



re 



READ- IN OF ENGINE REVOLUTIONS SPEED 



CALCULATION OF TARGET FUEL AMOUNT ] 



INTAKE INJECTION 
(THE FIRST INJECTION) 



x 



INTAKE INJECTION 
(THE SECOND INJECTION) 



INTAKE INJECTION 
RATIO INCREASE 



INTAKE INJECTION 
RATIO DECREASE. 
EGR INCREASE. 
COMPRESSION RATIO 
DECREASE. FIRING 
TRIGGER RETARDED 




NCREASE 



VARIABLE VALVE, OPENING 
AND CLOSING TIMING 
CONTROL (INTERNAL EGR) 



I 



EGR VALVE CONTROL 
(EXTERNAL EGR) 




VARIABLE VALVE, OPENING 
AND CLOSING TIMING CONTROL 



INSPIRATION 
INJECTION RATIO 
INCREASE. 
EGR DECREASE. 
COMPRESSION RATIO 
INCREASE, 
FIRING TRIGGER 
ADVANCED 



IGNITION TRIGGER CONTROL 




RETARD? 



18 



EP 1 063 427 A2 




FIG. 14 



35 




OF 



TDC 



19 



EP 1 063 427 A2 



FIG. 15 



THROTTLE VALVE 
FULL OPEN 



HOMOGENEOUS 
STOICHIOMETRY 
(SPARK IGNITION) +EGR 



HOMOGENEOUS 
STOICHIOMETRY 
(SPARK IGNITION) 



COMPRESSION 
IGNITION 



COMPRESSION IGNITION 
(TWO STEPS OF LAYUP) 



ENGINE REVOLUTIONAL SPEED 




20 



EP 1 063 427 A2 




FIG. 18 



t— CD 



C3 
UJ 



e\ 

K > 



THE FIRST 
INJECTION 



—I CO 

>- oo 

OLU 
SE Q£ 
— Q_ 



01 



THE SECOND 
INJECTION 




TDC 



21 



EP 1 063 427 A2 



FIG. 19 




0 1 (BTDC) 



TDC 



FIG. 20 



CJ3 

G£UJ 



— IOO 

>~oo 

CJ>LU 



CD 




— J GO 

>-co 
ouj 



JUUL 




TDC 



22 



